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Abstract 
Different from the Maxwell slip model, the gaseous slip model based on the Langmuir adsorption isotherm, i.e. the 
Langmuir slip model, takes into account the interfacial interaction between the gas molecules and the wall surface. 
For pressure-driven micro-channel gas flow, both slip models are adopted and the velocity formulae of gas flow are 
derived analytically. The result indicates that the velocity formulae for the gas flow are the same except that one 
parameter which could be inferred from experiment data or theoretical prediction. In Maxwell slip model, the 
parameter is related with the surface accommodation coefficient; On the other hand, the parameter is related with the 
gas particle interaction potential and the heat of adsorption in Langmuir slip model. Therefore, the Langmuir slip 
model still has the same difficulty in determining the value of the parameter as the Maxwell slip model.
Keywords: Maxell slip; Langmuir slip; adsorption isotherm; interfacial interaction 
1. Introduction 
The slip phenomenon has remained as an intriguing problem since it is always exist in micro gas flow of MEMS. 
A typical example is the appearance of a minimum in the mass flow rate of gases in a channel flow[1]. With the 
development of MEMS technology, there has been a renewed interest in understanding the basic nature of this 
problem[2,3]. As the molecular mean free path in micro flow is not sufficiently small when compared with the 
characteristic length, the research requires the molecular description of gas flow as embodied in the Boltzmann 
equation or the high-order fluid dynamics equations. Furthermore, the study of micro gas flow additionally requires 
information on the interaction of gas molecules with the solid surface, which is crucial in determining the force 
exerted on the solid and the heat transfer between the gas and the solid surface. 
In the literature, there are different kinds of models for governing equations and boundary conditions of the slip 
flow, e.g., the Burnett equations and the Grad moment equations for the governing equation and the Maxwell slip 
model for the boundary condition[4]. However, there remains the uncertainty of whether those models are robust 
enough to deal with the problem of the high nonlinearity of the slip flow in various circumstances. In the case of the 
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governing equations, it is related to whether the equations satisfy the basic physical laws, such as the second law of 
thermodynamics, on the other hand in the case of boundary conditions, it becomes whether the slip models reflect 
the true nature of gas-surface molecular interaction. Although the Boltzmann equation is the complete governing 
model for rarefied gas flow,  there still exist the difficulties of theoretical investigation because the theory has not 
been fully worked out for modifying the Boltzmann collision term that should perfectly reflect the molecular 
collision process with the solid surface and the knowledge of gas-solid surface molecular interaction is not fully 
explored. 
In micro gas flow, the gas-solid surface interaction is critical to explain the slip velocity phenomena. Moreover, 
because the gas may interact only with the surface of the solid, the gas-surface molecular interaction process can be 
clarified with the help of the concept of adsorption. The adsorption is a well-developed field of active research in 
physical chemistry of surfaces[5], in which the deposition of one or more layers of molecules can occur on the solid 
surface. During the adsorption process, gas molecules can get adsorbed on the surface and desorbed after being held 
by the intermolecular force field at the surface, and the fraction of adsorbed molecules can be determined by the 
Langmuir adsorption isotherm. From the adsorption phenomenon of gas,  a rather simple slip boundary condition for 
rarefied gas flow can be developed. 
2. Langmuir slip model 
It is well known that the gas molecules near the surface do not generally rebound elastically but inelastically 
interact with the surface of the solid owing to a long range attractive force, consequently the gas molecules can get 
absorbed on the surface, i.e., condensation, and then desorbed after some time lag, i.e., evaporation. This process 
resulted in the deposition of a layer with a thickness of one or more molecules on the surface, this phenomena is 
known as adsorption in physical chemistry of surface. On the basis of the phenomenon of adsorption, the Langmuir 
slip model considering the gas-surface molecular interaction was proposed by Myong[6-8]. 
2.1 Langmuir adsorption isotherm 
According to the theory of adsorption, the amount of gas adsorbed on the surface is generally a function of the 
pressure and temperature for gas. If the temperature of gas is constant, the so-called adsorption isotherm can be 
established. There exist various adsorption isotherms in the physical chemistry of surface, and among them the 
adsorption isotherm proposed by Langmuir is the best one because it has proven to be extremely useful both in 
explaining experimental data and for theoretical treatment. The derivation of Langmuir adsorption isotherm can be 
managed not only from the molecular viewpoint by employing statistical thermodynamics, but from the mechanical 
process given by Langmuir. In the present study the derivation will be carried on in the latter way. A more elaborate 
derivation from the molecular viewpoint may be found in the related literature. 
Assumed that there are N sites per unit area of the surface interacting with the gas molecules and the fraction of 
the surface covered by adsorbed atoms at thermal equilibrium isT , then the number of sites which are not covered is 
 1N T . The Langmuir adsorption isotherm is written as 
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Where p the gas pressure B wK k TE  , K the interfacial interaction parameter, Bk the Boltzmann’s constant and 
wT the surface temperature. Therefore, the fraction T is a function of p , K , and wT . As the pressure increases, the 
value T approaches unity, showing that most of gas molecules are at the state of thermal equilibrium. If we consider 
this process as a chemical reaction in which the gas molecule m and the site s form the compound c , the 
equilibrium constant K can be expressed as the following form, 
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Where m B wC p k T ,  1sC N T  , cC NT .
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2.2 Langmuir slip model 
With the fraction of surface covered by the molecules at equilibrium T determined by the Langmuir adsorption 
isotherm, a slip model for the gas-solid surface molecular interaction can be developed. The velocity slip of the gas 
flow can be written, in the dimensionless form, as 
 1w ru u uT T                                                                   (3) 
where the subscript r denotes the local value near the wall, i.e., about one mean free path away from the wall. In 
order to acquire the value of T , the parameter requing to know is E or specifically the equilibrium constant K .
When the characteristic length equals to the mean distance between the wall surface and the gas molecules, the 
parameter E can be simplified into the following form, 
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where rp is the pressure of the reference state, Kn is the Knudsen number, 
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where rT is the temperature of the reference state,  1 2 1s Q   , Q is the exponent of the inverse power law for 
the gas particle interaction potential,  
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where * denotes the gamma function,  2A Q is a pure number, and its tabulated values are given in the literature[9]. 
In summary, the idea of the Langmuir slip model can be explained by the statement that all the molecules 
adsorbed are desorbed after some time lag with a totally random velocity and thus the fraction of molecules 
undergoing diffusive reflection is proportional to the fraction of molecules adsorbed out of all the molecules 
approaching the surface. And this fraction of adsorbed molecules can be determined by the Langmuir adsorption 
isotherm. 
3. Analysis of micro channel gas flow 
For micro channel flow, the following assumptions are imposed: (1) The inertia effect is small; (2) The body 
force terms can be neglected; (3)  The viscosity and density can be considered constant; (4) 0p z p yw w  w w  ; (5) 
The dimensions of micro channel are much smaller than other dimensions.  
Fig.1 Schematic of micro channel gas flow 
For these considerations, the reduced Navier-Stokes equation is 
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Integrating twice gives 
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For Maxwell slip model, the boundary condition on the solid surface is 
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where 
2 DV
D
 , is the tangential momentum accommodation coefficient.  
According to the above boundary condition, the velocity of micro flow is 
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Similarly, for the Langmuir slip model, the slip velocity on the plate surface is, 
 1s ru uT                                                                          (12) 
where ru is the velocity in the mid place of micro channel, i.e.  , 2ru u x z h  . The slip velocity becomes 
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Therefore, the velocity profile of micro flow is 
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In order to find the difference between the two slip models, Eq.(11) and Eq.(14) are transformed into the 
following form, 
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From the above equations, it is shown that the formula of velocity under Maxwell slip condition and Langmuir 
slip condition are similar, except for one different parameter. In Langmuir slip model, the velocity of gas flow is 
related to the parameter Z , which could be determined by the gas particle interaction potential and heat of 
adsorption. In the Maxwell slip model, the velocity of gas flow is related to the parameter V , which is related to the 
tangential momentum accommodation coefficient. 
4. Conclusion 
In this paper, firstly the slip model based on the Langmuir adsorption isotherm is introduced. Secondly, the 
comparison between the Maxwell slip model and the Langmuir slip one is made and the difference between them is 
proposed. The analysis shows that the Langmuir slip model has the same difficulty as the Maxwell slip one in 
determining the unknown parameter, which is related to the surface accommodation coefficient in Maxwell slip 
model and to the gas particle interaction potential and heat of adsorption in Langmuir slip model. 
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